RN o L aehHeto teuSa

NTOSH SURVEY OF OCCUPATLONAL NOLSE AND HEARING:

1968 to 1972

by

Barry L. Lempert

\ and _
¥ T. L. Henderson
TR 86 . May 1973
- The National . Institute for Occupational Safety and Health

Public Health Service

Cincinnati, Ohio Q*
O

v

A N
N



IR oy INTRODUETION

The occupational noise and hearing svrvey (ONHS) was begur in 1968
by the U. S. Public Health Service as a long-range éroject'of what was
then called the ﬁational Noise Study,‘with operatibns'based at the Bureau
of;gfcupational Safety and Health in Cincinnati, Ohio. With the creation

ant ‘
oﬁ/National Institute for Occupational Saiety and Health (NICSH) in
December 1970, the survey program was continued by the Noise Sectioen of the
NIOSH Physical Agents Branch.

The aim of the occupational noise and hearing survey was fo
characterize noise exposure levels in a variety of industries, to describe
the hearing status of workers exposed to such noise condi:ioné,‘and ultimaiély‘
to establish a relationship between occupational noise level and hearing
loss that would be applicable to gemeral in&uétry. The survey program was
publicized at industrial hygiene ;onferences and through a variety of other
‘ means. Intereéted comﬁanies vere invited to request that they be included:
in the study. All plants that requested noise and hearing evaluations Qéré

considered. Certain priority considerations werebapplied, however, Thé_.
existence of factory'or occupational noise conditions having critical
relevance to criteria, and the presence of a work force presenting a wide
‘range of vears of exposure to such noise were the main factors. Imitial

discussicas with plant management or union officials and preliminary walk-

through noise surveys provided the basis for making such judgments.



Principally four types of data were -~~nllected Auring the course of
) These.
a noise and heariar survey at a given plant. %The included noise measure~
ments, background personal-occupational information, medical and otologic
data, and audiometric data. These data were obtained during the normal
work day with minimal hindrance to plant function or operation. Members
of the survey tear toox noise level readings at different points in the
” .
plant and took tape recordings for subseguent laboratory analysis of noise
characteristics. A questionnaire form was used to obtain information
bearing on each worker's job history, militavy service, hobbies, and
medical history pertinent to ear abnormalicies and hearing difficulty. An
otoscopic inspection of the eaws was made, usually just after the question-
naire was completed. Measurements of the hearing leveis for pure-tone
frequencies in the right and left ears of the workers were accomplished in
a mobile audiometric test van.
The plan of the study was to concentrate on workers im noisy areas.
An attempt was made to test the entire work force at plants having a total
. s : L@ r e
of less than 300 employees. In larger plants sampling and selection was

done ont a random basis. All participation in the hearing survey was strictly

voluntary, however all workers selected for the study were strongly

‘encouraged to participate. Although the study concentrated upon noise

exposed workers, employees from each plant who worked in offices or othex
quiet work areas were, also included in the survey in order to obtain control

data.



The noise and hearing data were sorted and analyzed so as to

~1lluminate the relationship between occupational noise levels <-4 hearing

losses in worker groups classified by number of years of occups iunal
noise exposure and by employee age. This reprrt, which provides’backgraund
information and results:cf statistical analysis, is inrended to complément_
the data analysis that has already been published in the NIOSH docsment:
"Criteria for a Recommended Standard. . . Occuéational‘ﬁxposure to Noise".
Dr, Alexander Coﬂen served as Chief of the National Noise Study, aﬂdv
ahe ' :

led/occupational noise and hearing survey from the time of its inception

until the establishment of the Physical Agents Branch. Herbert H. Jonpes

served as Associate Chlef of the National Noise Study and later as Chief

of thé Physical Agents Branch. Other staff members who participated in the
survey during.1968.to 1972 included Thomas Awrania, Joseph R, ticaglig, M.D.,
Paul Carpenter, Edrl Carroll, Stephen Cordlg, Terry L. Henderson, Ph.D.,

Bruce Margolis, Ph.D., Barry L. Lempert, B. Thomas Scheib, Mark Schmidek,’

and Daryl P. Ting.



I. WOLTE SURVEY

I-1. Equ‘oment and Calibration

Surveys of environmental noise levels were made using a variety of sound
level maters and other instruments. - Although effofts focused upon determi-
nation «. single, representative dBA levels, measurements wére also nmade to
determine nwise spectra in octave and third-octave bands, statistical
distribution of noise levels, temporal characteristics of fluctuating noises,
peak praséuras of impact or impulsive sounds, repetition rate and duration
of impact sounds, directional or position-dependent characteristics, and
durations of noise bursts. The following electronic instruments were used
1t various times during the survey:

Bruel~Kjaer Sound Level Meters:

Types 2203, 2204, 22045, 2205
Bruel-Kjaer Octave Filter Sets; Type 1613
_ Bruel-Kiaer Piston phones; Type 4220
General Radio Sound Level Meter; Type 1565-A
Ceneral Radio Calibrator; Type 1562
Nagra 1II Full-track Magnetic Tape Recorder
Ceneral Radio Impact Noise Analyzer; Type 1556~3B
Bruel-Kiaer Level Recorder; Type 2305
Bruel-Kjaer Statistical Distribution Analyzer; Type 4420
General Radio 1926 Real-Time Spectrum Analyzer

Tektronix Storage Oscilloscope: Tvpe 5648, with Camera



Calibratien routine: Sound level meters were acoustically calibrated

at least once on each day measurements were made. Usually an acoustical
calibrator was carried with each sound level meter, and used to provide

a calibration check bgiore each measurement series. Battery voltage levels
were checksd frequently. All of the sound level meters used in the study were
found to .- gquite reliable and consistent, seldom requiring adjustwent of

more than 1/4 dB. Each tape recording included a pistonphone~generated

test tone and a voiced announcemeant of the attenuator setting of the sound
level meter for subsequent calibration of laboratory analysis instruments
during playback. Instruments used to measure peak pressure of impact sounds

were calibrated using a 127 dB-peak pistonphone tone {124 4B~-RMS).

I-2. Noise Measuresment Procedures

Noise level samples were taken in order to assess the daily noise
exposures of those workers included in the study.' A preliminary oécubatiénal.
n@ise éurvey often provided the information needed to develop a sampling
schedule. Such a survey was a part of the initial inspecticon of a plant for
which a noise and hearing survey had been requested. The following items
were obtained, when pessible, in each arez of a plant: (1) Location and
type of operation or work performed; (2) Generazal noise aharacteriéticsv
ke.g., impulsive, steady-state, low frequency, etc.); (3) Temporal
characrveristics {(continuous, fluctuating, intermittent, ete.): (4)  Overall
noise levels using the "A'", "C" and "linear" scales of the sound level méter‘

Microphone placement: To obtain representative and reliable expusure walues,




noise level measurements were taken almngside workers in the course of their
daily job roucines. Care was taken to avoid positioning the microphone too
close to a reflecting or shielding surface. In many cases a worker was

asked to stand aside and the sound 1ev¢l meter was positioned at the point
nOrﬁally occupied by the worker's head. Several measurements were made of
different locations to determine spatial dependence of noise levels. Estiﬁates
cf the median and:range of levels were recorded whenever the level showed
significant variaéion with position..

Spectrum Measurements: Standard procedures included some measurement of typical

noise spectra for each of the noise and hearing surveys in the serles,
either by field measurement of octave band levels or spectral analysis of
recorded tapes, or both. 'Octave band énalyses included bands with mid -
frequencies of 31.5, 63, 125, 250, 500, 1006, 2000, 4000, and 8000 Hz.
Recorded tapes were plaved back through an octave band filter set or

through a third-octave band, real-time analyzer.

Sequential Sampling

Toward the latter part of the survey series, a technique‘was developed
for making fiel. measurements of dBA level at intervals of 15 seconds
auring a period of ten minutes. This technique was found to be very
qseful in those areas where the d4BA level evidenced significant, random
variations with time. The procedurs is described briefly as follows: a
compact, lightweight sound level meter'is selected. A pocketwatch or wrist-
watch having a lgrge sweep—~second hand is taped to the face of the sound

level meter, either just above or just below the meter dial. The bottom
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“of the_smund‘LanL meter is then posltioned at the top end of an ordinary
clipboard, The bottom edge of the elipboard is rested against the belt
or hip of the person muking the measurements. 'One hand is used to support
the sound level meter/clipboard combination at an angle that is cénvenient
fér recording data on the cliyhoard with the other hand, and also positions
the sound level meter for convenient viewing, pointed away from the person's
body at an angle of about 453° above the horizontal. For measurements at
15 seéond intervals, the sound level meter deflection is noted at precisely
each instant that the second~hand crosses 12, 3, 6, or 9 o'clock. The
somd level at each instant is recorded by marking a dot at the appropriate
location on a special histogram form attached to the clipboard. At the
end of a measured l0-minute period, the histogram form will contain 40
dots. The form can be kept for subsequent analysis af'a more convénient
time or location. It is a fairly simple matter to obtaiﬁ the mean, median,
and quartilé ievels, and a good estimate can be made of the entire
statistical distribution. This measurement technique was found to be
quite successful, although a few precautions had to be observed to avoid
biasing the data. Analysis of the data was greatly farilitated by pro-
grahming”a Monroe type 1766 electronic calculator to compute the mean and:
variance of the recorded levels, and also to compute the projected -- I

aaily noise exposure factor according to the Walsh-Healey formula:

Tape Record&ngs: All tépe recordings were made by connecting the

signal output from a sound level meter to the imput of the Nagra tape

recorder. The sound level meter was set to "Linear" response. Tape
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speeds of 15, 7-1/2, and 3-3/4 inches-per-second were uscd, depending upon

the noise spectrum and the duration deéired fdr the recording. The

duration of most recordings ranged from 10 to 60 minutes, depending upun

the nature of the nolse source. In many cases tape recordings were made
gimultaneously with other field wmeasurements. Tape recordings were used

(a) to cbtain octave and third-occtave band spectra; (b) to obtain proba-
bility distributions of dBA level; (c) to provide a record of the repetition
rate of impact sounds; (d) to obtain plots of dBA level vs. time for rime-

+
study analyses; and (e} to provide a cross check with field weasurements.

Statistical Distribution Analysidg: The Bruel-Kjaer type 4420 Distribution

Y

-

] .
Analyzer, in conjunction with the type 2305 level recorder, was

used to obtain the probabllity distribution of dBA levels over a selected

time interval. Due to the bulk and weight of this equipment, it was not

‘carried into the field; tape recordings were used.

Analysis for Impact Sounds: Whenever it was apparent thac impact sounds

were present, measurements of peak-pressure levels were made. If the

vimpacts occurred so rapidly as to blend together, then the noise was

regarded as being essentially continuous. The B & K 22048 Impact Meter

was the p.imary instrument used to measure peak pressure Lewvels.

I-3. Determination of Noise Exposure Patterus
In order to determine the daily noise exposure for a worker or worker
group it was necessary to interview workmen and supervisors as to the

typical workday pattern.  In some cases time-study charts wexe prepared,
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segmenting the workday iInto a succession of exposures at specific noilse

levels and for specified durations.

Discussions with both management and workmen were necessary to d:termine
changes in workmen's noise exposures over the course of many years.
Variations in occupational noise conditions, due to machinery replacement

or relocation, or changes of job or location of workers, were necessary

considerations.



TT. HEARING SURVEY PROCEDURES

¥I-1., Equipment and Calibration

All audiometric testing was done In a Rudmose Audiometric Travel Lab
Model RA~113. This audiometric van housed an acoﬁstically‘ iselated, sound-
deadened chambetr in which six persons could be tested simultancously. The
physical layout of the van is shown in Figure 1 i

A Rudmose RA-108 pure tone, alr conduction,; six-man audiometer was
used to present test tones at frequencies of 500, 1000, 2000, 3000, 4000,
and 6000 Hz, first to the left ear and then to the right ear of e~ a listener.
The audioﬁetric testsequence included 30 seconds at each test frequency.

Each test subject, using a button switch, could contral the loudness of the
tone so0 as to oscillate about his threshold level with all such oscillationé
being trac;d on individual audiogram cérds. Standard procaduré included
calibration of the audiometer by means of a Bruel~Kjaer artificial ear

(Type 4152) and a Bruel-Kjaer precision sound level meter (Type 2203)

with octave filter (Type 1613) both beforg and after a survey.‘ Audiometzic
frequency checks were performed periodically using a digital frequency
counter. Typical calibration data are shown in TaBle’ 1 . Listening

tests were performed frequently‘to detect any miscellaneous audiometer
malfunctions.

Test sounds were presented through TDH-39 earphones with MX*&I[AR ear
cushions enclosed in otocups to eliminate the possibility of masking by
ambient noise, although ambient noise levels were within the lihits spec .fied
in the ANST $3.1-1960 (R 1971) standard fqr Background Neoise in Audiometer Rooms
with the air-conditioning nhd power generation systems in full operation. |
Typical results of an acoustical survey of ambient noise in the audiometraic

~

test chamber are shown in Table L .
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TABLE L TYPLCAL POSI-CALIBRATION DATA (1-31-69)

STATION EAR SOUND PRESSURE LEVELS* 1IN dB (re. 0.0002 dynes/sz}
: BY FREQUENCY TN HERTZ .

500 1000 2000 3000 4000 6000%*

(490) (1004 ) (2020) (3017) (4007} (5987)

1 L 11.9 6.9 9.1 10.3 9.3 5.5
1 R 11.4 7.0 9.1 10.2 9.4 5.8
2 L 11.6 7.1 9.1 9.8 9.3 5.6
2 R 11.6 7.1 9.0 3.9 9.5 5.5
3 L 11.3 6.6 8.5 9.6 9.0 5.5
3 R . 1lﬁl 606 8.8 9.3 9.0 5.0
4 L 11.3 6.6 8.6 9.5 9.1 5.4
4 R 11-2 6.7 8'6 94\/5 900 5.4
5 L i1.7 7.0 9.1 10.0 9.3 5.7
5 R 11.6 . 7.0 8.9 10.0 9.8 5.4
6 L 11.3 6.6 8.6 9.6 9.1 5.4

¥
£

6 . R 11.3 6.8 8.8 9.4 9.1 5.1

Standard Audiometzric Reference from ANSI 53f931969, Table Fl

P | (11.5)  (7.0) (9.0 (10.0)  (9.5)  (5.5+10)

%

1
+

¥Pressure levels shown are equal teo CSPL minus HL, wheve CSPL denotes
the Couplar dound pressure level measured in an NBS Type SA microphone
coupler (B & K type 4152), and HL denotes the hearing level as indicated
by the audiometer pen. All data shown here were taken with the
audiometer pens set to the 70 dB lines on the audiogram cards.

*%At 6000 Hz in both ears, the audiometer was alwayvs calibrated 10dB low. e
Appropriate corrections were made to audicmetric threshold data. .

$




© TABLE 2 AMBTENT NOISE LEVELS 1N AUDIOMETRIC TEST CHUAMBER (1-22-71)

STATION o AIR SOUND PRESSURE LEVELS IN dB (re. 0,0002 dynes/cn?)
‘ BLOWER OCTAVE RAND CENTER FREQUENCY IN HERTZ
500 1000 2000 4000 8009
2 . ON 32 31 30 30 30
4 | ON 37 30 30 — —
4 "OFF 14 12 10 10 10

Maximum allowable SPL (re. ANSI $3,1)

(40) o)  (47) (57) 67)

i S N . - ’ . '\’.
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TI~2. Hearing Test Procadure

The Adminixtration of a hearing test began with ac instruction session
during which each subject was seated at one of the test stations and
familiarized with the audiometric procedure. The wording of the instyuctions
varied slightly during the series of surveys; however, the instruction
lecture shown below is typical of those used. v

“"Take the earphones and black cord off the hook over

your seat and hold them in vour hands. Different sounds
will be heard in the left phone and then in the right
phone. Press the switch button (show the switch button)
and keep it pressed until the sound fades away. At the
instant it disappears, release the switch until you hear
the smrund arain. When the sound reappears, no matter how
faint, press the switch and keep it pressed so as to make
it fade away again. Do this for all the sounds that vyou
will hear. Are there any questions? (Pause. Ask those
wearing glasses or earrings to remove them and those having
long hair to pull their hair back behind their ears.)

Place the earphones over your ears, being sure that the
red earphone is on the right ear and the black one is on the
left ear. (Check to make sure that the earphones are ‘
correctly placed over the ears). We will give you a
little while to practice, and then if everything is working.
okay we will go right ahead with the test, which will take
about seven minutes. Remember: Whenever you hear the
sound press the switch and keep it pressed until the sound
fades away. When it disappears, release the switch until
you hear it again. When it comes back again, no mat.er
how faiant, press the switch and keep it pressed until
it fades awav."

It should be noted that the test instructor checkad each subject's.
garphones for proper placement and made sure that the ear cushions were
adequately sealed against the subject's head. .Early during the course of
the occupational hearing survey series it was decided that a short practice
delay should also be given at the beginning of testing‘in the right ear.
The purpose of thié delay was to allow time for the'audiometer‘pen to move

from a large hearing loss at 6000 Hz in the left ear to a gocd threshold at




-
P
N

‘500 Hz in the right ear. This delay was achieved by manual activatlion of
an override switch on the audiometer, and became a part of standard
audiometric prodedure.

Each noise-~exposed éubject was tested before the beginning of his
workshift teo avoid the possibility of temporary noise-induced hearing .
loss,. Test scheduling usually required subjécts to arrive for work 75 or
45 minutes early, depending upon the scheduling sequence for the audiometrig

test, otoscopic examinations, and individual data questionnaire. Non-

e
e

noise exposed workers, such as office workers, were tested at any time duriﬁgHV‘
the work shift since their pre-test noilse exposures were not considered

significant enough to produce a temporary threshold shift. - A ;‘
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11T, EXCLUSICON OF DATA FROM THE SCREENED SAMPLR

For a wvariety of ressons 1t was necessary to exclude some of the noise
and hearing datua from the analysis so that a valid statistical relationship
could be develeoped relating hearing loss an& occupational exposure to
noise at known levels. The two basic criteria for data exclusion were:
(a) uncertainty as to noise exposure history or validity of audiogfams,'-
and (b) evidence that hearing loss might have been czaused by some factor
other than occuparional noise exposure. The term "exclusion” will be used

to indicate deletion of a worker's test data from the analysis.

vy,

The questionnaire form presented in the appehdix*' was édministered
to each subject who was glven a hearing test. The following text summarizes
the evaluation procedure used to develop a "screened sample" for each of
the occupational noise and hearing surveys.

1. Data was excluded from the screenad sample if a subject's previous

j¢. history included two or more years of other work assignmeﬁts in a

noisy job.

2. 4 military history which included number of years in the service;

nurber of years in combat; type of job performed; and weapoun firing histdry,
was obtained for each subject. Exclusions were based upon: (a) exposu;e

to weapong—type noise for 100 days or more, (b) one or‘more years of

éctual combat experience, and (¢) routine daily exposure to non-weapon

type ncise, e.g., noise from aircraft engines or armored vehicles for two

years or more. However, those few workers who wore ear protection in

such noise fields were not necessarily eliminated in the screening process}

* The questionnaire form was revised during the course of the study.
However the revised form was not substantially different.

13
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3. Consideration was given to non-occupational noise exposure, inclﬁding
the extent of civilian weapon use_and the frequency and duration of partici- -
pation {n such activities as motorbike:riding, mechanized farming, piloting
an airplane, macﬁine workshop activity, and sport car or drag racing.
Firearm shooters exposed to lOOO rounds per year for one or more years,‘
or 500 rounds per vear for five or more years with no use of ear 1"ro‘cectors
were also exlududa Anvy subject who participated in a n01sv off-job hobby
besides shooting was excluded if this participation was at least three
times per week for one year or more.
A.IAn exclusion from the screened sample was made 1f there was history
of sévere head trauma,.chronic ear infection, of evidence of hereditary
deafness in the family. Certain other conditioms, e.g., Meniere's disease;
use of ototoxic'drugs; history of previous ear surgery; conéurrent severe
head colds; or tinnitus at the time of testing‘also-meant exclusion.
5. An otoscopic examination of the aural canal and eardrum was made by a-
staff physician or trained audiologist to determine the presencé of visible
abnormalities. Any indication of congenital or acquired ear'malforﬁaﬁions,\'
totally impacted cerﬁmen, perforated or séverely scarred tympanie membrane‘mr}
or an active ear involvement, e.g., otitis media, were grounds for
exclusion of subject data from the screened sample.
6. 1f the subject,ﬁad not been out of the working enviroﬁment for 14 hoﬁrs
or more or if he had significant noise exposure prior to taking ﬁhe audiométri§

test, he was excluded.

»



7. Exclusions based on audiometric irregularities included;. (a)
audiograms revealing as much or greater low frequency hearing loss as
high frequency loss (suspected conductive loss) in one or both ears;
(b) hearing losses in one ear were 40 dB greater than the other eér at
two or more test frequencies; or (c¢) subject evidently repjonding to
tinnitus rather than the tone presentation.

Whenevér it was determined that one of the above criteria applied,
the worker was assigned an appropriate exclusion code. No more than three.
exclusions were coded for any single worker. Table 3 lists exclusion

categories used in coding, and also lists the number of workers who "failed"
the criteria for each category, expriessed as a percentage of the total
number of subjécts {3699). Also listed is the percentage of workers who
failed at leasi one of the criteria (listed as "All categories').

The exclusion criteria discussed above were used to develop screéned
samples of data sufficient to estimate the impact of industrial noise
expoSures,onn the occupaticnal groups included in the individual noise and
hearing surveys. However, for the composite o;cupational noiée and hearing-
survey (ONHS) analysis, which sought to accurately determine the risk
to hearing as a function of noise level, additional exclusion criteria

) ,
were applied. In particular, heariﬁg level data were excluded for
workers for whom there was insufficient noise exposure data. Workers
exposed to noise corsisting of discrete»iﬁpact sounds, or noise having

highly variable and unpredictable levels, were not included in the



TABLE 3

EXCLUSION CATEGORIES

: . WORKERS

Category FACTOR EXCLUDED
Exposure Previous Job‘History 11.9%
History Military Weapon Noise 8.6%
Military History , 4 .47,
Civilian Weapon Noise : ‘ 3.6%
Civilian History ’ 1.5%
Pre~test Noise Exposure 0.9%
Medical History of Trauma/Fracture 1.9%
History Recent Middle Ear Infection - 2.0%
Ear Surgery 2.7%
Tinnitus/Labyrinthine Disorder- 2.3%
Family History o 0.7%
Otological Severe Occlusion 1.4%
Examination Perforation ' 0.5%
Scar Tissue 0.7%
Calcerous Deposits 0.1%
Inflamed Drum 0.1%
Malformation/Growth v 0.7%
Other** - 5.0%

All'Categories ‘ 35.0% *

* The percentage listed here is not equal to the sum of the percentages
1isted for each individual category, because many of the workers
failed more than one of the exclusion criteria.

**% "Other'" includes miscellaneous factors, e.g., mechanized farming,
use of various forms of medication, audiometric irregularities, etc.

16



'composite analysis. All maintenance workers were exclﬁded because it
was impossible to quantify their noise exposures. Furthermore, only
male workers were used in the composite analysis. - Current evidence

" indicated statistical differences between the prevalence ﬁf hearing
loss found in male and female populations; thus, the relatively small
sample of female noise~exposed workers‘(N = 110) was‘segregated, but was

" not large enough to permit valid analysis.

1
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IV. EXTENT OF STUDY

Population tetals used in the composite occupational noise and

hearing survey (ONHS) study are presented in Table 4. The individ.al

.survey totals, however, do not include those individuals who were
y s _

rejected from the sample because of an incomplete gquestionnaire; an
apparent misunderstanding of the procedure of the hearing rest; or
mechanical ﬁéilure of the audiometer. From the total of 3699 subjecté,
65% were included in the screened samples; and 237% {or 49% of the screened
sample) were included in the composite ONHS analysis

Table 5 contains summary abstracts of the individual noise and

hearing surveys conducted during the years 1968-1972. This table includes

a tabluation 0f numbers of tested subjects, classified by job or'department,

and also l*sts the nuwmbers of quojects utilizpd in the composite ONHS

s:udy; The numbers listed under the headlng, "Number in Screened Group‘
indicate those workers surviving the screening‘criteria. Also included

are the median dBA levels for the various job groups used in the compositelf

data analysis. Typlcal octave band spectra are shown in Figures 2 and 3..

18
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IV

VII
VIIL -

IX

XII

X111

Subjects in

Composite CNHS Study

Subjects Non~Noise Noise
Subjects in Screened Exposed Expecsed
Comgany Tested . Sample Males Females Males -
SteelvFabricating & 665 471 110 19 122

Processing
Paper-Bag Making 194 _ 158 6 10 17
Printing 154 133 21 20 63
Aluminunm Fabricating &

Processing 138 95 10 13 64
Quarry 96 63 3 10 42
Woodworking 308 177 20 11 113 o
Hydro-Electric Power 340 204 7 3 0
Steél Fabricating 368 266 32 5 8
Tunnel Patrol 173 121 16 22 48
Printing and Engraving 185 100. 41 23 29
Printing 800 403 104 70 203
Tunnel Patrol 306 201» - — 63
Trucking . 32 20 = - _20_

Totals 3699 : 2412 380 206 792

19

TABLE %4 MAKEUP OF COMPOSITE

ONHS STUDY .




Survey I: Steel Fabricating and

Processing »
Notes: Some of the hearing test
stbjects worked in areas for which
ne noise surveys could be performed,
and thus were not included in the
composite ONHS study. Typical
octave band spectra are shown in
Figure 2 .,

: TABLE 5
INDIVIDUAL SURVEY DATA

20

RN Composite OHHS Ctudy
Number ¢ Numbar i Number Median
Job Subjects Screened of Sound
(Department) Tested Group Subjects | Level (d4BA)
Office 180 151 110 <80
Maintenance 86 65 B
Open Hearth 30 24 16 82
T & L 9 7
Shipping 16 11
Processing 42 37 7 52
2 93
6 94
3 a5
Hot Strip Mill 94 75 ’
Zinc Grip 26 22 1 83
2 86
14 8%
. 3 89
Strip Picklier & 17 14 4 89
Cold Reductilon 4 95
Galvanizing 9 . 7
Blast Furnace 49 39 38 92
' : 13 94
Power 19 14 4 88
1 91
Round House 12 9 7
Basic Oxygen 10 9 5 89
Totals 605 490 232



TABLE S

Continuation (2)

Composite ONHS Study

Number of Number in Number Median
Jeb . Subjects _ Screened of Sound

(Department) Tested Group Subjects Level (dBA)
Survey 1I: Paper~Bag Making Company Office - 138 16 6 <80

Bag & Handle 36 27 5 85
Notes:  Workers in bag maxing are _ _Making
generally e2xposed to noise from Scuare Bag 19 11 3 92
repeated impacts of many cutting tizndle Insertion
¥nives which produce a steady-state 68 58 2 90
backgreamd ncise. Typical actave v 2 80
band s;vcira are shewn in Figure = 2 Shippinp & Pkg. 28 24

Preprinting & 25 22

Twisting

Totals 194 158 23
Survey III: Printing Cowmpany Office - 49 42 23 < 80

; Press 38 35 35 94

Yotes: The cecafiguration of the Bailing 2 2 2 93
presses and other noise sources was Bindery No. 1 21 19 6 85
wnown to have remained unchanged Bindery Ho. 2 3 7 7 86
over a pericd of many years, thus Maintenance 8 6
prividing well-controliled, long- Mailing 17 13 13 81
term exposures to steady state nolse. Composings
Typilcal actave band spectra are shown in _Warehouse 11 9 8 < 80
Figure 2 = . Totals - 154 133 94

21
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TABLE 3
Continuation (3)

Composite ONHS Study

Number of Number in Rumber Median
Job Subjects Screened of Sound
(Department) Tested Group Subiects Level (d434)
- Survey IV: Aluminum Fabricating and Qffice 33 23 10 < 80
Processing Plant Press :
Notes: All workers at this location Operators 14 9 S 93
vere given audiometric- tests. There Asst. Press-
was very little variation in dBA level men 16 10 10 94
and noise srectrum. Typical octave Stretchers; . :
band spectra are shown in Figure 2 . Sawyers 35 23 23 93
: Dummy Block
Men 15 14 .14 g
Tailstock 11 8 5 53
Crane Operators : .
& Misc. 14 g .
Totals 138 95 #
Survey V: Quarry Office _ 21 13 3 < 80
Burner Op's. 5 3
Notes: Nolse levels remained rather Ledgermen 21 13 L 13 102
constant during the 8-hour day. Quarry Workers 7 5 3 26
Typlcal octave band spectra are Wire Saw Op's. 11 R 7 21
shown in Figure 2 Saw Shed Workers
' , 14 10 10 98
Shed Werkers 10 - 1 7 84
Maintenance 7 S
Totals 96 63 45



Humber of Number in
Job Subjects Screened
(Department) Tested Greup
Survey VI: wWoodworking Company Office 37 24 13 < 8¢ .
' Warehouse, Yard,
Notes: although dBa-slow sound level % ¥iln Workers 33 23 7 77
rmeasurements varied in some areas, Doer, Laddex, &
statistical analysis indicatad high Lamnination
repeat.dflity or median lavels. Section 84 49 39 88
Typical octave band spectra are Rough % Finish
shown in Figure 2 . Mill 139 31 74 94
Totals 308 177 148
Survey VII: iydroelectric Power Plant Office 0 43 7 < 89
Shift & Ass't. 16 13
Yotes: Unfortunately, because of the Snift Engincers -
ﬁ-onl intermitcent nature of the nuise  Unit & Ass't. 36 B 23
an. changing locations of the workers, Init Op's
the noise—expoaed workers could not be Auxiliary 1l 9
included in the Composite GNHS Study. Opararors
Laborers 43 15 _* -
Coal For.men, 20 ¢
{snveyor & Heavy
_Equip't. Opcrater
clectricians 19
Machinist & 40 32
Instrument Mech's.
Boilarmaters & 29 15
Boiler wWelders s
Steam Filters 34 18
Switchboard £ 3
Op's. )
Janitors, Pailnters,
Mise. 26 11
Totals 340 204 7




TABLE 5
Centinuvation (5}

Composite ONHS Studvw

Nugb:r of . Number in Number Median
Job Subjects Screened of Sound :
(Department) Tested Group Subiects Level (43a)
Survey VIIL: Steel Fabricating Company Office 48 37 32 <80
Shear Operators 51 39 '
Notes: A very substantial amount of Asst. Shear - 31 21

noise survey data was gathered, including Op's.
pzay tape recordings. Third-octave band Bender Operators

spectrum analyses and dBA-level probabil- . 51 32

ity distributicn analyses were performed. Asst. Bender 48 35

Additionally, 78 steelworkers were given  Op's.

post exposure audiometric exams to de- llookers, Loaders,

termine the presence of temporary Checkers 43 34

threshold shift. Of all noise-exposed Welders . 9 8 8 88

waorkers t. ted, only the welders could Supervisors 44 30

be included in the composite CONHS etudy Crane Op's. 43 30

because of the highly intermittent Totals 368 371 40

nature of the other noise. Typical

octave band spectra for the welders

are shown in Figure 3 .

Survey IX: Tunnel Patrol 0ffice 50 37 16 <80
Tunnel Patrol {1 48 48 85

Notes: Patrolmen typically spent 6-7 Toll Collectors 58 - 34

hours per day in protective booths - Maintenance 4 2

at various locations inside the Totals 173 121 64

tunnel. Typical octave band spectra
are shown in Figure 3 . '




TABLE 5
‘Continuation (5)

Composite ONHS Study
uu‘ber of Humber in Number Yedian
Joh Subjects Screened of Sound
(Departrent) Tested Group Subiects Level (dBA)}
Survey X: Pri. .ing and Engraving Computer
Company Services 20 12 il <80
Notes: Most sperators of high noise ¥egative
level wmachinzry used this machinery rngravers 33 23 8 <890
only for short periods during the Photeouraphers 31 17 12 < g0
ay, and were not included ‘n tha Compositors 13 4 3 < 50
composite ONHS study. Typical octave Selief Map
band spectra are shown Figure 3 18 7 7 <80
42 25 25 g0
2 s 4 3
p s 8 4
1i del
Reproducers 7 1 1 92
Pindery Workers 9 4 3 81
Totals 185 100 70
Survey XI: Printing Company Office 281 174 104 * 80
Bindery Yorkers _
Notes: Noise survey data gathered 132 50 37 86
from many different locations Cffset
.~dicated a very constant, steady~- Pressmen 115 39 39 87
state environment in the press rooms. Main Press 185 86 86 87
Typical octave band spectra are Postal Card
shown in Figure 3. Section . 4 0
Carpentry . 18 13
Ilonocasting 54 41 41 91
Totals - 800 403 307

25
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TABLE .5

Continuation (7)

Composite ONHS Study

Notes: Drivers indicated that
usually traveled 7-9 hours per

they
day.

Spaced-zample measurements of in-cab
noise levels were made to obtain

probability distribution of dBA levels.

Typical octave band spectra are shown

in Figure

3

.

26

Number of Number in Number Median
Job Subjects Screencd of Sound
(Department) Tested Group ; Subjects Level (dBA)
Survey XIT: Tunnel Patrol Tunnel Patrnl 87 63 63 __86 L
_ Tunnel Patrol &
Notes: Similar to Survey IX. A large Service Garage
quanity of dBA level probability Work L 38 25
distribution data was obtained. Office Workers 40 32
Tvpical octave band spectra are shown (& mixed jobs)
in Figure - . Electricians 1 0O
’ Toll Collectors
117 64
Maintenance 23 17
Totals 286 201 63
Survey XIII: Trucking Company Drivers 32 20 20 89
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V. HEARING LEVELS OF NON-NOISE KXPOSED PERSONS

In order to use the hearing level statistics of the non-noise exposed
persons as normal or baseline statisties for comparisﬁn with the noise
exposed populations, a mathematical ﬁodel was developed to generate hearing
level statistics for a population of non-noise exposed persons having any
specified distribution of ages. The model was based on the presence of
a Gaussian distribution of the logarithm of [hearing level + K}, with age
as a parameter, where K is a constant which depends upon frequency, i.e.,
K = K(f) where f is the audiometer test frequency in Hertz., In fact
:linear regression of log [hearing level + K] on age proved to accurately
fit the hearing level data of non-noise exposed workers (i.e., those
working in noise levels <80 dBA). For each of the six audiometer fre-
quencies, K was selected to provide homogeneity of the variance of hearing
level data about the regression line. Hearing levels were averaged over
left and right ears.

Figures & - 8  illustrate centile distributions of the male,
non-noise exposed, raw hearing level data split into five ége groups.

(Each age group contains the same number of workers.) These figures also
show centile distributions generated by the mathematical,modei, utilizing
the actual distributions of ages within each age group, by a method which
will be described below. The data generated by the model are termed |
"Smoothed Data™ in the figures. ’

At the 10%, 25%, and 50% (or median) levels, comparisons of model

versus raw data indicate agreement to within 3 dB; at the 757 and 907

29
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e

levels, agreement js to within 3 dB, except aﬂ‘the 90% level for the 38 to
48 years age group. A complete presentation of ncn-noise exposed male and
female population statistics will be presented in a subsequént report.

The method by which the mathematical model cenerates ''mon-noise’
hearing level statistics for any sample population of workers is as follows:
FQr each member of the sample population the log~Gaussian probability
distributiqn of hearing level is generated. This distribution, of course,
depends upon his age and sex, as well as audiometric frequency, and is
derived using the regression line, These distributions are then super-
imposed to form a single, "mixture distribution" for the entire group.
Using this mixture distribution it is possible to derive non-noise
statistics of any type, e.g., centile distributions.

All non-noise data presented in this report ha§e been generated

by the technique just described.



VI. ONHS COMPOSITE ANALYSTS: TNEARLNG LEVEL STATISTLICS

Vi-1 Hearing lLevel Distribution Grouped bY Age and dBA

‘Hearing level distributions for all noise exposed workers included
in the occupational noise and hearing survey (ONHS) composite analysis
are displayed in ¥Figure 9. Data have been grouped into'fiva'agc grouns
and three noise exposure categories classified as 85 dBA (80 to 87 dBA),
80 dBA (88 to 92 dBA), and 95 dBA (93 to 102 dBA). Althoggh it may
appear that the 85 dBA and 95 dBA groups include cxcessively broad ranges
of‘noise‘levels, in reality only 15% of the 85 dBA group had noise levels
of 83 dBA or below, and only 10% of the 95 dBA group had noise levels at
97 dBA or above. The boundaries for the five age groups wére selected
s0 as to separate the entire sample of hoise«exposed workers iuto equal
blocks. In the figure the solid lines depict median Qudiograms for the
‘noise-exposed workers. ‘The d&shed lines depict median audiograms for
comparable non-noise exposed populations. The split "rolling piné”
which also anpear on the graph are used ﬁo indicate the tenth, twenty-
fifth, seventy—fiftk and ninetieth percentile points; those on the le.t
side of the data poigts represent noise-exposed subject data, while those
on the right represgpt non-noise exposed subject data. The mean age,
mean exposure (in %rs), and number of workers are listed for each
group. - All aﬁdiometric data shown are averages of individual right and
left ear data. -fhe figure very cjiarly demonstrates the effect of noise

upon hearing, particularly at frequencies of 2000 teo 600v Hz.

¥
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VI-2, Comparison of NIOSH Baseline Data witiy Other Recent Data

Hearing threshold levels of young, non-noise expused persons may
be regarded as baseline data by which diffcrent hearing studies way be
compared. Figure 10 illustrates median audiograms obtainéd during the
past fow vears by several investigators for comparison with non-noise
exposed subject data from the NIOSH composite ONUS analwvsis., The
_National Physical Loboratory (NPL) data (N = 168; apes 18-25) are reported
by Dr, D. W. Robinsen in his book, Hearing and Noise in Industry,' 1970,
Data from the Eastman Kodak Company (E. K. Co.; N = 6131 for ages 15-24
years) and the National lealth Survey (NHS) are discussed in Section III
of the NIOSH noise criteria document. The data depicted by Glorig are
taken from his report, ""Hearing Loss as a Function of Age,” 1962,
Glorig's screened sample of 74 professional men (mean agé = 24.5 years)
is presented. Hearing levels at 500 Hz g{were ﬁot given in his artiéle.

The NIOSH data are quite comparable to all the other studies except
the NPL studv, but even in that single case the curves have the same
shape.

It should be noted that the age and dBA level groupgtings described
in this sectlion were not employed In generating the hearing impairment
and risk‘statistics that were usaed to support the NIOSH recommended

standard for occupaticnal noise exposure.

VYI-3, Consequencas of a 90 dBA Standaxd
L]
Hearing level distributions of "workers exposed to 90 dBA" are
sresented in Figures 11 teo 15. The workers din the ONHS composite study
v e P

whose daily noise exposure level was in the range &8-92 dJdBA (N = 222)
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ONHS SUMMARY DATA:
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FIGURE 14

ONHS SUMMARY DATA:
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were separated intoe five experience categories. The division into
experience categories was.accomplished as follows: (1) the individual
datn were placed in ascending erder by number of years of job eipcrience,
workers with identical numbers of years of experience being additionally
gsorted into ascending order by age; (2) the resulting set of data was
then separated into five contiguous. experience groups of equal size;
(3) within cach of the five groups the (data were then placed in ascending
order by age, workers with identical ages being additionally sorted into
ascending order by experience; (4) each of the five groups was then
bisected (at the median age). Thus, ten groups were derived {rom the
original sampie. The separation of the worker population into sub-groups:
in this manner was found to be the most efficient method thrquph which
the populatibn_could be studied in detail without using elaborate
smoothing techniques.

Centile distributions of the averaged (left-right) hearing levels
of each such group are shown, plotted against hearing level distributions
for non-noise exposed workers (generated using the procedure described
in section IV). Inspection of these graphsbindicates that the onset of
hearing loss resulting from daily exposure to 90 dBA is present after
Just 2 or 3 years of experience, with noilse-induced losses cccurring
especially at the audiometric frequencies 3000, 4000, and 6000 Hez,
increasing‘with age and experience. These predominantly high frequency
noise—induced losses appear to increase until about age 40 and 15-20

years of job experience, at which point additional high {requency



»

L6
losses scem to depend only upon age. However, it is also evident that
once the noise-induced coﬁponents of high frequency loss approach their
maximum, significaﬁt losses continue to develop at 500, 100G, and 2000 Hz,
with losées progressing from the higher to the lower of these frequencies.
The curves indicate that one should expect a 15-30 dB noise-induced hearing
loss at the higher frequencies'(BOOO, 4000 and 6000 Hz) and 5-13 4B
’noisewinduced hearing loss at the lewer frequencies following 15 years of
daily exposure to 90 dBA., Within each experience category it is apparent‘
that the hearing level differences between non-noise exposed anc noise
expdsed populations are larger for the older of the two age groups.
Remarkably, the ''quantity” of noise exposure (i.e., job experience) does
not alone detefminé noise-induced hearing lbss; i,e., the effects of

noise and presbycusis are apparently not directly additive.



VIL,  COMPOSTTE OHHS ANALYSIS: HEARING TMPATRMENT

VII-1. The 1972 N108H Recommendations for A Noise Standard

In July 1972 the document, "Criteria for A Recommended Standard. . .

1t the

-t
-t
o]

Occupational Exposure to Noise' was published by NIOSH.

recommendation was made that the daily, eight~hour workplace noise limit
be reduced re 85 dBA as soon as the Secretary of Labor, in consultation
with the Secretary of {lealth, Education, and Welfare, determines that

it is economically feasible to do so.

The WIOSH recommendations for a noise standard were‘based upon
analysis of avallable literature, consultation with leading authorities
on noise exposure control and the effects of noise on hearing, and NIOSH
laboratory and field scudies. The NIOSH occupational noise and hearing
burvey‘(ONﬂS) data described in this report were considered particularly
appropriate in the development of a recommended noise standard for the
following several rcasons:

1. The GNHS survey data represented a variety of tynes of occupational
nolse exposures, requisite to the development of a single comprehensive
Yederal standard.

2. All OMiS audiometric tests of noise exposed workers were performed
prior to the workshift, thus eliminating cqntaﬁiﬁapion-bfrtémpérnry
ﬁhreshold shift.

3. The ONHS data were screened to eliminate irrelevant factors, and to
select only those workers whose occupaticnal noise levels were well

knovn.
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4, Noise levels in the ONHS study were concentrated im the cruclal Tange ,

namely 85-95 dBA.

5. The ONHS study included a large control sample of non-noise exposed

workers who were tested concurrently with noise exposed workers, thus

ensuring that the effects of occupational noise could be isolated from
possible influences of audiometriec tésc procedure, geographic or cultural
differences, and audiometer idiosyncrasies.

6. Raw audiometric data from the ONHS study were available for

exhaustive statistical analysis.

VII~2. Hearing Impairment

‘The criterion that essentiélly all workers be ?rotecﬁed from a
significant impairment of thelr ability to héar and understand speech
sounds formed the basis for the protection goal set forth by the NIOSH
recomnended standard.

Two hearing‘level indices were utilized as determinanﬁs of hearing
impairment. The first, termed HLI (fj§j§), was the average of left and
right‘aar audiometric thresholds at 1000, 2000, and 3000 Hz. The second,
HLI (.5,1,2), was defined as the average of ;hresholds at 500, 1000,
and 2060 Hz. It was presumed that noisc»induced hearing losses were
vinayral, and that éverages taken ovér both ears would reduce the random
error in the analysis without biasing the data. HLI (ngf:§) uti1ixes
the audiome;ric frequencies adppted by the American Acadenmy of‘OphthalmOlogy
and Otolaryngology (AAOO) in 1959 to measure one's ability to he.r

conversational speech. The other index, HLI (1;2,3), was adopted by
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NIOSH as thc index nost bhighly correlated with ab{ility wo discrimiﬁatu
and understand speech, based on investigations curvently avallable in
technical journols. TIn the ONUS composite analvsis the first eriterion

ed for existence of a hearing impairment was that HLT (TTT:E) he greater
than 25 dB.  In order to permit a comparison with other data in the
literature a second criterion for hearing impalrment was also enploved;
namely, that HLI (Tﬁ:ft§§ be greater than 25 dB. it should be noted that
the criteria just deécribed define a Eﬂi““llﬂ impairment in hearing
ability, and do not necessarily imply the presence of extreme jmpairment
in ability to hear speech. A thorough discussion of the basis for these
choices of hearing impairment criteria is presented in Section VI of the
NIOSH criteria document.

Figures 16 through 19 plot the percentage of workers classified as
having hearing impairment, as a function of age, for fourinoise e¥posure
categories and for both of the hearing impairment criteria ‘ust described.
The starred data points represent raw data, i.e., they indicate the
actual pcrcgntagef of ONHS workers having Hcarlng impairment.. The line
graphs and cross-hatched plots represent the hearing impairment statistics
presented in Table XIT and XIIT of the NIOSH criteria document. Since
the NIOSH tables provided a further breakdown of the data into experience
groups, it was nacessary tao use cross-hatched regions here in order to show
the range spanned by the tabulated hearing impairment statistics. The
hearing impairment statistics tabulated in the NIOSH criteria document were

obtained by a statistical smoothing technique which is described on

pages VI-26 through VI-28 of that document.




FIGURE 16

PERCENTAGE OF WORKERS HAVING HEARING THMPAIRMENT
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FIGURE 18
PERCENTAGE OF UNRIERS HAVING HEARING IMPATRMENT
USING THE CRITERION HLI (1,2,3) > 25 ¢B
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The raw data percentages (qfarred data points) wefe obtained in the
following manner: the ONHS workers were divided i: 7~ three dBA.lcvel
groups as has beeé&%ﬁgﬁgously inbsection VI of this‘reporﬁ.' The sion=-
noise.expésed worxers were used as a fourth group. Each of these four
groups was then segmented into five age groups of equal size, and the
percentages of workers having hearing impairment were calculated. Slight
inconsistencies in the results of this analysis are evident; however,
the basic findings are well in line with the more rigorous analysis
presented in the NIOSH criteria document. In fact, the ability of

rather sophisticated statistical tools to enhance the basic aspects of data

analyses is thus illustrated.



VIIL. CONCLUSIONS

The relatiénship‘betweer Bcaring—loss~risk and noise level has been
rou;nly Aefined for employees who work 8 hoﬁrs a day iﬁ relatively simpile,
or "ordinary' noise environments. The results of the analysis of NIOSH
~data included in this report and in the NIOSH criteria document substantiate
the results of other similar investigations. However, the effects of
fluctuating levels, ‘'quiet' rest periods, shortened exposurés at higher
levels, ad@inistrativc controls, ear protectors, impact or impulsive noise;'
lengthened exposures, seasonal exposures, high freqﬁéﬂcf‘noise, and
infrasonic noise cannot be quantified until further research and e&aluatiqm
are perforﬁed. “Additional work is also peeded to enhance the effective~
neés of audiomctric moniﬁoring‘andvnoise measurement techniques; and to

develop better indicators and criteria for hearing loss.
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Torm approved
Budget Bureau No. 68-568039

DEPARTMENT OF TLALIH, EDUCATION, AND WELFARE
PUBLIC HEALTY. SERVICE
National Center for Urban and Industrial Health
Occupational Health Program
Cincinnati, Ohio 43202

OCCUPATTONAL NOISE AND HEARING STUDY

ASSURANCE OF COWTIDEHTIAIITY

The U. S. Public Health Service hereby gives its assurance that your
identity and your relationship to any information obtained by reason of
your participation in the Occupational Noise and Hearing Study will be

- kept confidential in accordance with PHS regulations (42 CFR 1.103(a))

and will not otherwise be disclosed except as specifically authorized
below. A copy of this regulation will be made available to you upon

request.
//3 ()L-ofp
\" e?‘m-_

iﬂ&ectox Natlonal Center for
Urban and Industrial Health,
BDPEC: USPHS

CONSENT.

I hereby voluntarily agree to participate in . the Occupational Noise and
Hearing Study which will be conducted by the U. S, Public Health Service.
It has been explained to me that in addition to my answering a. quéstion-
naire, there will be a routine medical examination of my ears and a
standard hearing test. [ have been advised that I may withdraw from.
this study at any time if I so desire.

Signature o L ’ . Date

AUTHORIZATION TO RELEASE MEDICAL INFORMATION

I hereby request the U. S. Public Health Service to inform my personal
physician should there be any ev1dencc from this study of an active ear
‘disorder. '

Dr.
Street
City ' ‘State Zip C§§¢
Telephone
NCUI-78 (Lin) Signature | | | : | Date

(6 68)




-Page 2

Plant Name

Worker Number

¢ (Hote:
exam) .

Questions 1-7 below are to be

(1) Name}

completed by staff interviecwer aw

ytime

before hearing

{2) Addrecss:

(3 Age::

(4) Sex:
: Average Number
Job Location Occupatiom: Dates (Mo.Yr.) wks per yr ' hrs work
History in Plont Describe kind of work From=s===~-To on job per week
2, Fresent ‘ Present ' T
Job '
Last
b. Jab
‘ Previous
€. Job
{6) Military Service:
(2) Were you in military service?  Yes No
(b} What was your unit assignment? {c.g., Lnfantrv armored)
(¢} Did you fire weapons? Yes Neo
(d) If so, what kinds?
(e) For how long?
(£) Were you exposed to weapon noise even Lf you did not fire them? Yes No

(g) If so, for how long°
(h) Were you cxposed frequently to noise from aircraft, armored vechicles or large
; engines? - Yes__ No
(i) I£ so, for how lop
(7) Nonw-Cccupational Noise Exposure: *
(a) Have you used firearms as a civilian? Yes No -
(b) If so, what kind(s) of weapons? , T
(c) When (c.g., childhood_ 10 years ago, currently)?
(d) For how many vears have you used such weapons?
{(¢) How frequently?
(f) How many rounds per year?
(g) Do you routinely wear ear protectors when you fire weapons? .  Yes No o
(h) Do you participate i:. hobbies or other off-job activities that are typically noisy
or have loud sounds _e.g., motorbike racimg, rock-roll music playing, machine woik,
atc.)? Yes Mo \ ' '
(i) 1f so, specify?
(j) For how many years havc vou takenm part inm this hobby.or activity?
(k) How frequently? (doily, weekly, monthly)
NCUI-78 (Cin)’ ’ J
(6-68)




Plant Name

Worker amber

(Note: Questions 8 and 9 below will be completed by staff medical docter 2-3 days before

scheduled hearing test).

(8) Relevant Medical History:
Have you had any of the following:

Yes ‘No Yes No
{a) Head noises ¢ )Y C ) (e) Running ears ( h) ( h)
{b) Deafness in family ( 3 () (£) Earaches ( ) ¢ )
{¢) Hearing test ¢ ) ¢ ) (g} Hearing aid ( ) { )
(d) Treatment by MD for ( ) ( ) Elaborative Comments
ear trouble o :
(h) Do you think you have normal hearing? Yes No__.
(9) Otologic Check: ‘ Normal { ) ~ _Abnormal ()
(a) Perforation of drum head - ~ R(ight) L{eft) Elaborative Comments:
(b) Drainage from ear R L
{c) Malformetion or growth R L
in ear o
~{d) Far occlusion R L
(e} Ear disecase R L
{£f} Other (specify) R L

{Note: Question 10 below will be completed by audiometrist just before wofkcf takas hearing

Sxam) .

{10) Time and Duration of Last Notable Exposurc:

(a) Vhat was your must recent exposure to loud noise {specify, e.g., horn, airplane,

"~ work place, gunshot, etc.)?
(b) How long ago did this exposure take place? ‘ : (in days)
- (c) How long did the exposure last? (minutes or hours)

(11) Hearing Level Data:

N T T

Pure Tone I Purc Tone 11 (optional)
‘Date: Tester: Date: ' Tester: - . Speech
Timg: Station: Time: Station: : ' Reception
Freql R L » freq. R - L ) {Optional)
250 ' 250 ‘ Date: Testexr:s
500 : 500 Time: Statioa:
1000 ' ' 3000 Type of Test:
1500 : 1500 ' ’
2000 2000
3000 3000
40001 » 4000 . w Score =
6000 _ " . 6000
8000 . 8000

NCUI-78 {Cin) | ‘
(6~68) ' '




